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Tpenupan e crpymypHrrx xnacfi0nKaropa 3a pa3nrrqure $ynrqnje ry6uraKa ca
nprrMeHoM Ha [po6neMe Knacr{or4KoBar6a ceKBeHrlrr
Ha eur:recxou je3xrry: Training structured classifiers for different loss functions with the
application to sequence labeling problems
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P.6p. KareropujaAyrop-n, HacnoB,.racon c, roluHa, 6poj BonyMeHa, crpaHtlue
Dejan Mandev and Branimir TodoroviC, A primal sub-gradient method for structued classification with the
averaged sum loss, lzteruational Journal ofApplied Mathematics and Computer Science, (2014),Yo1.24(4),
917-930
y oao,u pady npe\einoaa! Je npu-Mapuu cy6?paduj?tnu ,remod ,a onmtlMulaqujy cnpyKnypltlx aacu@utamopa ca
Synx4ujon zy6umxa xoja npedcmas-/ba ycpeda'exy cyuy se,to6xr.Lx d)yHK4uja Had c+aKtlu mpe+uHz nputuepo . Y nopeje*y ca _ -_,I cnpyxmypruu lleaa3oc &rzoput Luort, xoju padu ucmoepeueno ca no jedton cmplxmypou us euute noda^o*o, ,p"xrroaa*MZl
cu7opumdv pa3.nat pa euwe cfiplKmypa y oKqupy jedHo. nptunepo. o6aKa6 npucmyn Lua za 4ta yaofie*e dodamuux
uttiop.Md4uja y npo4ec ytena. V padyje noKa?aqo da npednorlte|u au/opumturt u a Bajttabe ucmy Ko|eep?e uujy y cr\aucny
ozpaxuveuoz ey6umxo Had ecm upaH&u npuneptLua y nopefieby ca cmoracmugKo 6ep3ujoJi aqaopunwa- Excnep*ueumu
cy u3sp rcHu xad dea npo6teua rcnacuQuxoea*a cexeeu4u, nrlumKtlvt cuHmakcHtlq napcupabel4 u wracuSuxoea*eu epcma
pequ, a makol)e yk,byayjy u noperebe ca ocmcuu nonytapHur cmpykmypHLq altzopum uMa-
Velimir Ilii, Dejan ManCev, Branimir 'l'odorovi6 and Miomir Stankovii, Gradient computation in linear-chain
conditional random fields using the entropy message passin g algorithm, Pqttern Recognition Letters, (2012), Vol.
33( l3). 1776-1784
- Y pady ce paauampa Hy epw$lt cnta6utat petgpsuea+ tlnzopumcliv 3a magHo u3paeyHaean e zpadujeumo tuHeapHtlx2 vcnoeuux cttytajuux nolr,a. Att?opumaJ, ce uJapaaaa Ba ro? dotiry errponul"*oz noltynpcmela u uua za 4um no6om;on"M22
Me opujcKe eQuxacuocmu tu?oputtt 4a y cnyqajy np&qeHe Ha ceKaeHqe aeauxe dyxuxe. Hacynpom mpodutluoHatHLu
anzoput Lu&ua Koju ce 6alpajy Ha petgp3ujaua muna xanped-ttand, ueuopujcxa xo.nrruekcHocm npedno ceHoz oteoputnMa
ue saaucu od dytrute cexoet4e. Excnepuueumu Ha pecuHutt noda4uMa noka3yjy do atzopuma.in ot(e 6umu xopucmau y
np*ueuaua ua npo6te e ca ceKaeHqa a 1etuke dyNcuHe,
Dejan Mandev and Branimir Todorovid, k-best max-margin approaches for sequence labeling, Computer Science
and lnforuation Systens, (2015). npnxaaheu ra urravny
V oeou pady yoedeue cy qeh pu ekcmeH3uje cmp)4<mptu, KracufuKahopa ca akctlvaidoit iiapzuHo Koje kopucne K
3 saj6omta cnpyxmypa oxottt hpoqeca yuex,a- Pasuompajy ce oco1uue u s*e B el)y cueopufidn4a Kao u p"ry,r^amu ,a deaM2j
npo6rcnia KtacuduKoedba ceKaeHqu, Ha rur mKott napcupaA,y u npenuHasaby eHmumemo y met<cmy. EKcnepwrcHmatHu
p$ytmamu noKa3yjy ymuqaj npoMeHe napcliiempa x ta @-uepy u 6pe e fipeHupaha u noKa3yjy Ha Koju Haqud yaedeHu
tt"tzopu muu nozy no6o!,buLtm u perynmame npe nolHooatba-
Dejan Mantev, A sequential dual method for the structured ramp loss minimizatiot, Facta {Jniversitatis, Seties:
Mathematics and lnforttatics, (2015) 30 (l), 131'7
V pady ce npesexmyje cek6e+4ujat u lyanuu Nemod 3a tupeHupahe cmryklrypHtt HeKoHaexcHttx auuttla ca aeKmopu a
nodpwxe Koje Kopucrle dioctnpyko npeto.tu,,beHy Qyqkqujy zy6umka. Ocaj taemod xopucmu koHKaqHo-koHsekcHy npoqedypy
koja umepamuaHo mpaucd)op*uwe HeKoHaexcHu npo6rcn y cepujy koHleKcHua npo6te.ua- Cexaeu4uja,rro ,)r1uranr6M5l
oru uvwa4uia kojo ce kopucm 3a KouBeKcHy onhtlurcaqujy o6u,zasu npuuepe cex6eH4uj&,t\o u onmLwByje napa.tempe
xpeupajyhu ctgn aKmuqHux cmpyKmypa tad caaxttu mpeqw!? npL epotL Y p"dy 
"y 
damu paynmamu sa daa peanna
npodte.ua aacuQuxooaba ceKoeHqu, a maxole damu cy pesytmamu tad oeutmavku zeHepucaHuni npuvepu,,ra ca dodamutt
5 V pady ce np*ehmyie Hado6e3u6abe dsa cmpyKmypHa riodeia, ede ce u3ta3 L3 np6o? odena 3djed*o ca bezoeurM33
npo\ebeHu.v nooepeben4 kopucmu kao ytoe y dpyzu nodet. [Ioaepen e sa damu xo4meKcm ecmu upaqux na6era ce do6uja""
npeko tumepHamusHtlt cmpyKnypa zeHepucauttx npau.u uodetottl flpezetmoeanu cy excnepllueHmu ua npo6te*y ntumxoz
napcupatoa u ynopefiete cy nep(top.naxce npedtorceHoz npucmyna ca ytalbyqe lLM odentlua nojeduHa.rHo.
HAflOM EHA: yKonnKo je KaHArular o6jaauo arue oa 3 paaa, aoaaru HoBe peroBe y oBaj aeo aohyN4eHra
@ rrs
Kududomje o6jaeuo nojedaH Haye+u pad uz xomeeopujo M21,M22,M23,M51 u M33 rc o1tacmu npedno)rceHe me e doKmopcKe
fi.rcepraullja je noaeJbeHa y ce,{aM rlraBa.
V yaoauoj rnaoH HcraKHyrje 3Haqaj Koprlrrrhe]+,a MarlrHHcKor yqe]La y perxaBalLy npo6neMa Kracu$nxoBarla cexBeHur{.
Y.qpyroj rJraBrl nocMarpa ce npo6neM frel+,a Kao npo6neM orrrnMu3auxje perynapx3auxoHe Qyuxuuje [r QyHKurlje
ry6r.rrKa, Kao H aurropHrMrl 3a aeKoAHparle Kojlr cy norpe6Hu y npouecy o6yqaBal6a crpyKTypHxx xraclr+HKaropa.
Alropnruu 3a AeKoAHpalLe npeAcraBJBeHH cy y reHepa.rrHoM o6ruKy Kao a;rropxraM cnaH,a nopyKa HaA pa3JIHqHTI.rM
nonynpcreHHMa.
Tpeha r.nana yooau qernpH anropr.rrMa 3a rpeHuparle crpyKrypHHx MoAena KopHUheEeM K Haj6oJblrx crpyKTypa H
pa3Marpa lLlrxoBe reopHjcKe H eKcnepuMeHraiHe pe3yrrare. YseaeHN aJIropI.{rMH: K-Haj6o,'bH (orpaunueuu) nac}'IBHo-
arpecHBHl aJrropBTaM fl K-Haj6oJbl..t nepuerrrpoH. Ae+HHHcaHU y ceKBeHunjanHoM pexHMy. jeaHocraeHa cy :a
r.rMrrneMeHraur.rjy u noroAHr.r 3a nprMeHy Ha npo6neMe BenHKax pa3Mepa. 3a orpauuuenu nacHBHo-arpecHBHH zrIIropHTaM
Iara je rpaHgua 3a KyM),JrarllBHr.r ry6nrax [peABnba]La Koja je c,ruvHa rpaHt,lul{ 3a Bep3ujy iulropl4TMa ca 3mo6HoM
OyrrrrtNjor,.r ry6nrxa. Vaeaexa cy H npour.rpelba cexseHuaja.rHor ,[yaJrHor Meroaa H JlaPaHx ilJrrop rMa ra c,ryuaj ca r
naj6o,,rux crpyxrypa yHyrap jeauor npuMepa roja cy apeveHcxu 3axreBHa 3a rpeHuparLe. Y excnepuueura,rnrlu
pe3yJrraruMa, aep:r.rja JIaPaur aJrroprrrMa ca r uaj6o-rsux crpyKrypa ga;raje snavajaa no6o,,uuarua y oAHocy Ha ocHoBHy
rep:ujy a,rropurlra, a uerogje uoro.{an :a o6yvaBa*e je,aHHM nponacKoM Kpo3 noAarKe.
Y veraproj TJIaBH npeAcraBJ;exaje rou6unaqrlja ABa crpyxTypHa r,.ro4era xoju ce rpeurzpajy y Hr.r3y, nplr qeMy rpyrrr
MoAeJI KopLIcrH npe4aulara npnor ruole.na rajelro ca floBeperseM y rr,ax. V onoj rou6unaqnju MoAeJra, noBepe*e y
flpe.qBr.rbar6e HrH KoHreKcr npenar-r!ama npoqetryje ce KoprruhemeM a:rrepHarrlBHHx crpyxrypa u olroryhasa
no6ormal+,e pe:y.nrara npeno3HaBaft,a y oAHocy xa noje4Nuavxe uo,qe.ne.
Y neroj r,raau yBeAeH je cereeHuuja,rxu ,ayarHn Meroa 3a rpeHrrpalLe crpyKrypHr.rx HeKoHBeKcHr.rx MamlrHa ca
BeKropllMa no.{ptrrxe roje roprlcre ABocrpyro npeJIoMJBeHy $yunurzjy ry6rmrca. flpegcraarexu pe3yJrrarr.{ Ha peaJrHHM
npo6.neuulra r,racaQuxorarra ceKBeHulr yxa:yjy ua cJrr.rr{Hocr npeno3HaBa}Ba oBHx Meroaa r.r Mero.{a ca crpyKrypHr,rM
:r.no6nuu $yuxur.rjaua. Ca lpyre crpaHe, Ka.qa yBeaeHH Meroa paau ca noaaur.rMa ca uyMoM, npen03HaBatt,e je npxMerHo
no6ol,urauo y ogHocy Ha Meroae ca srro6Hr.il. Qynxuujalra ry6urara.
V ruectoj rraBLI yBeaeH je npuuapuu cy6rpa.(ujeHTHa Meror 3a onrnvu:aurjy crpyrrypHe ycpe.qrbeHe Syururaje
ry6rrra. Hacynpor craulap4Hoj crpyrrypnoj :r:ro6noj Qynrqrjr ry6r-tra xoja KopacrH caMo je4xy crpyxrypy ca
Hajnehxu ry6nrxou, yBeleHlr Merol Moxe .qa Kopxcrx Br{ue crpyKrypa yuyrap jeaHor npHMepa y npouecy
onruiun:aunje. Y reopajcrcoj aHzrJlH3H. noKa3afla cvo aa je rpaHnrra KyMynarrsuor ry6Nrrca npegnufan a 3a yBeaeHH
MeroA MaKcltMaJIHo jeguara rpaHallu 3a cy6rpaAHjeHrHu MeroA ca sr,qo6Hor.{ r}yuxunjol, ry6urxa, AoK eKcnepuMeHranH
pe3yrrarrl cyrepHlxy aa npu MarbeM 6pojy r.rrepauuja nosehalLe 6poja crpyrrypa yK.lr,yqeHlrx y onruuu:arlrjy yuyrap
je,4uor npuvepa gonpnnocu 6o,'r,uv pe3ynrarlrMa rrperro3HaBaH,a.
Y nocregmoj maau ,4arje KparaK pe3HMe A06njeuux pe:ylrara.
BPEAHOBAI6E PE3YJITATA AOKTOPCT(E ATICEPTAUT{JE
HNaoocroapaeatt,anocraBJbeHuxu[,LeBaH3npujaserorropcxeauceprauajeir..'...,.;',',..1
Y lrzcepraqNjn cy y nornyHocrH ocrBapeHH IIHJLeBH H3 npujase. I4:eegeHr.r cy HoBH a.lrropxrMr.r rpeHxparLa crpyKTypHr.rx
rutacnSuraropa y Ay:rnHoM npocropy Jlarpauxoelrx MHoxMjraqa x y npHMapHoM npocropy ocHoBHtrx flapaMerapa
xraclr+uraropa. flpeA.noxeau a,lropHTMu rpeHHpar5a xopucre K rpeH)"THo naj6orurx crpyKrypa, Ao6HjeH x npHMeHoM
aJIropHTMa .qHHaMHqKor nporpaMHpa[La ca rpeuyrHIrM Bpe,{Hocrr.rMa napaMerapa crpyKrypHor rnacu$uxaropa.
Ilocrag,'rese cy H AoKa3aHe reopeMe o roprsxM rpaHuuama ry6rlrarca tr MaKcrrMaHoM 6pojy rpeLuaxa npHnHKoM
TpeHHpalba.
Y 6pojHnu H Aeralrur.rM eKcnepHMeHrHMa Ha npo6neMHMa rcracr.rQuraqNje ceKBeHuH, noKa3aHo je na npe4loNegu
anropHrMl{ ocreapyjy 6pxy xouaepexqajy Ha uarseu 6pojy npnrtrepa y oAHocy Ha aJrropHrMe xoju He ropncre K
Haj6o,rnx crpyxrypa npHnHKoM rpeHnpana.
Y ,4Hceprauujlr je raxobe npea.noxeHa KoM6r.rHauHja crpyKrypHux Knaca$HKaropa, y xojoj nplr,rr.rxoru rpexuparua jegan
xracaQlrrarop yrIH Ha I'peuxaMa Apyror xracn+uxaropa, q Me ce AoAarHo y6p:aaa xouaepreuqr.rja ua var+eu 6pojy
npi.rMepa.
IlocrasJbeHe uuJ'beBe y nprljaar.r, 4Nceprarluja npHBa3Hna:iH npe1noroM anrop,lrMa rpeHHparla Ha K Haj6o,'r,r.rx cryKrypa
ca npenoMJbeHona xpnrepnjyucxou rlyxrcqr.rjou. Onaraa npucryn ouoryhasa po6ycuo rpeHlrparse ca 6pNou
xousepreuuajov Ha cKyny ro.laTaKa ca BHcoK]..rM uyr,.rov. uroje reoprjcKH H eKcrrepHMeHrajrHo norepleuo.
Bpe.aHoaarse jHaqaja u Ha1,^iHor AonpuHoca pelynrara auceprau[je i , ,. i , i .)
flpnlreHa crpyKTypHlrx xracu$uxaropa y x,racr$axaunja cexBeHuH no.[pa3yMeBa nocrojaru,e se,rNxor 6poja npuMepa 3a
TpeHLIpalLe xoju cy ao6ujeHa Kao peynara pa,{a Hajqeuhe neher 6poja aHoraropa 3a Ayxrl BpeMeHcKx nepuo4. Og
cyurruucrorje 3Ha.{aja ae$HHrlcame anropr{raMa rpeHnpa}La rojr.r 6r.r:axresa,r}r urro Ma}Lr4 6poj nprr,repa 3a rpeHHpa}6e
u 6ntw po6ycau Ha Her\rHHoBHe rpeurre. rj. uyM HaA noAauxva ia r peHllpar6e. xoju cy noc,reanua HeKoHslrcreHTHocrx
aHoraropa npxnHKoM o3HaqaBa*a ceKBeHuH. Y oeoj arcepraulrjr cy npea,roxeHa aJ'rropnt MH xojn peuaaajy HaBeAeHe
npo6,reue.
flpxcryn rpeHnpama Haa K Haj6oJbr.rx cexBeHnr-tu, ao6ujeHux Haa cBaKr.rM npxMepoM ouoryhaaa aa ce Ha uerseru 6pojy
o3HaqeHHx rrpnMepa ocTBape 6oJbH pe3nlraru. To ce nocruxe s xou6Nsogameu r,racu$nxaropa, raxo 4a je4ax yvrl Ha
rpe[KaMa ,{pyror, urro je raro4je jeaaH o.4 pe3ynara oae 4ucepraqrje. Kao npe4ror peurer;a 3a rpeHHpa}se crpyKrypHr.rx
x,racN$rxaropa Haa noaauxMa ca rpeuKaMa. rj. Luyn.roru. y alcepraunjn cy HsBeneHH aaroprlMu rpeHHpa*a ca
npenoMJbeHoM $ynr<qnjou ry6rmara.
Teopujcr<a araJru3a H ,aera!'bHu eKcnepuMeHTr.r ca nperJloxeHuV iuroprrrMr.,Ma. y xojarua cy oHtz nopeAieHrr ca
nocrojehHlr iuroprrMxMa 3a rpeHuparbe crpyr(ypHxx r,racaSaxaropa. noxa:a,ra je !a oBH aJlropxMr.l.aajy cyurrulcra
yHafipea*elba y o.qHocy Ha nocrojeha peuerr,a HaBeaeHHx npo6reva, Kao raKB]r npeacraerajy ruauajaH H oprlrriHa,raH
,4onpt-rHoc y o6nacrrl HcrpzDKHBaE a anroprrraMa rpeHfipa]La crpyl(rypHux xraca$Nraropa.
Oqena cauocra,rsocru HayqHor paAa KaH,{I4aara 1,1i.) l{}l) /",t1!)
KanAu,qar je y rory rr3paae .qoKTopcKe Ar.rceprarl[je rloKa3ao BI.IcoK crefleH caMocra!'IHocrl'L 3uavaj, Naymu
.4Onpr.rHoc rr opnrHHanHocT pe3ynTaTa HarrHor r{crpaxrrBarba BeprrorrKoBaHrr cy o6jaBJbI.rBarLeM no jeAHor
HayqHor paAa n3 Kareropuja M21 ,M22,M23, M33, M51.
Ha ocnony nperae,qa rrpunoxeue aoKropcKe arrcepralluje, Koltt'tcuja rax;syuyje cneaehe:
- caApxaj ypalene gorropcxe Aucepraquje o.qroBapa Ha3r,rByrl qr.rJbeBLIMa [peAnoxeHlrM y npujanu relrae,
- uerogoloruja pa3Marparsa rr ,Bnaraua caApxaja ao(ropcxe .qucepraqlrje je ua o4ronapajyheu
Er.rBoy,
- flpr,rJroxeHa aorTopcra 4ucepraqr,rja [pe,qcraBJba cluocraJraH paA KaHA[,uara u aaje
Aolprrgoc HayrIH, Ilrro je aepurpr.rrorauo o6janruraselr.r uo je4uor Ha) {Hor para I,ts xateropuja M21
M22,M21, M33, M51.
ocHOBy CBera I{3JIOXeHor, KOunCUja cMaTpa L ca 3a.qOBOJrCTBOM [peAnAKe HaCrarnO-uayurOU
$arynrera y Huruy ,ua rrprrxBarll Hsremraj o oIIeHLI ,uorTopcre
r'Tpeuupane crpyKT,?Hnx xnacr.rr[lratopa 3a pa3Jrl{qlrre tbpxquje ry6nraxa ca [pIrMeHoM Ha
kracn([uxouana cerseuqu" ran,ryraata Aejana Manqena u o4o6pu rreny jaany o46pauy.
llue u npeluuc,loaoe Ilornxc i
Mttpocnan tuplrh, neao151 np9$9c9g rpercerHtlx z , Z-
HayKe
Eparnrrrr.rp To4oponrh, saHpeAur npor[ecop
HayKe
(llr).llra oSrac r)
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